Background: The prevalence, persistence, and multiplicity of human papillomavirus (HPV) infection appears different comparing HIV-positive to HIV-negative women. In this study, we examined prevalent, persistent, and multiple low-and high-risk cervical HPV infections in HIV-negative and HIV-positive women.
Methods:
We studied 1,020 women involved in a study of HPV infection using SPF25/ LiPA10. Two study visits were scheduled, at enrollment and 6 months afterward. At each study visit, research nurses used a cervical brush to collect samples of exfoliated cervical cells from the cervical os, from all the study participants. Exact logistic regression models were used to estimate associations between HIV and HPV infections.
results: The mean (SD) age of the study participants was 38 (8) years, 56% were HIV-negative and 44% were HIV-positive. Among HIV-negative women at baseline, single low-risk HPV (lrHPV) infections occurred in 12%; multiple lrHPV in 2%; single high-risk human papillomavirus (hrHPV) infections in 9%, and multiple hrHPV infections in 2%. Single lrHPV infections were persistent in 6%, but there was no persistent multiple lrHPV infections. Single hrHPV infections were persistent in 4% while multiple hrHPV infections were persistent in 0.3%. Among HIV-positive women at baseline, single lrHPV infections occurred in 19%, multiple lrHPV in 6%, single hrHPV infections in 17%, and multiple hrHPV infections occurred in 12%. Single lrHPV infections were persistent in 9%, multiple lrHPV infections in 0.6%, single hrHPV infections in 13%, while multiple hrHPV were persistent in 3%. Prevalent, persistent, and multiple infections were more common in HIV-positive women, compared to HIV-negative women. In multivariate models adjusted for age, marital status, socioeconomic status, age at sexual initiation, and douching, the odds ratios comparing HIV-positive to HIVnegative women, were 2.09 (95% CI 1.47-2.97, p < 0.001) for prevalent lrHPV, 1.26 inTrODUcTiOn Persistent high-risk human papillomavirus (hrHPV) infection of the uterine cervix is a necessary cause of cervical cancer. hrHPV infection is highly prevalent with some 80% of women being infected at some point in their lives (1) . These infections typically start in early adulthood, shortly after sexual initiation, but their prevalence falls rapidly and the infection persists in only approximately 10% of women older than 30 years of age. Cervical cancer occurs in a small proportion (12%) of women who have persistent hrHPV infections. Most research on hrHPV infections in Sub-Saharan Africa (SSA) to date have focused on reporting prevalent infections whose association with cervical carcinogenesis is weak, rather than persistent infections. This is due to challenges with participants' follow-up and lack of sustained systematic human papillomavirus (HPV) DNA tests'-based screening programs.
Previous studies suggest that there is greater heterogeneity of HPV types in populations with high prevalence of HPV infections, thereby reducing the relative prevalence of HPV types 16 and 18 (2) . The most commonly reported hrHPV types in SSA are HPV types 35, 52 , and 58 (3) (4) (5) (6) (7) (8) . There is a dearth of data on the risk of prevalent and persistent, single, and multiple infections with hrHPV among HIV-negative and -positive women, especially from West Africa.
Low-risk HPV (lrHPV) infections are similarly ubiquitous and are associated with common, flat plane, anogenital warts, and oral lesions (9) . These diseases cause significant morbidity, are difficult to treat, and have high health systems' costs; nevertheless, there are very few studies of lrHPV in SSA (10, 11) . Furthermore, little is known about the prevalence and persistence of combined lrHPV and hrHPV infections in SSA or whether interactions between lrHPV and hrHPV infections are associated with persistence of either infections. More research on prevalence, persistence, and multiplicity of HPV infections of the uterine cervix in SSA women is urgently required in order to ascertain the role of different HPV types in cervical cancer in this population.
HIV infection is associated with increased risk of cervical cancer. Several studies have shown that HIV-positive women are more likely to have prevalent and multiple HPV infections, compared to HIV-negative women (3, 4, 8, 12) . Some studies show that the type distribution of HPV in HIV-positive women is different from that in HIV-negative women (13, 14) but not all studies support this finding (4) . More studies examining the distribution of HPV infections of the uterine cervix by HIV status are warranted. The results of such studies would contribute to understanding HIV-associated cervical cancer and choice of cervical cancer prevention in people living with HIV/ AIDS (PLWA).
In this study, we examined the prevalence, persistence, and multiplicity of infections of the uterine cervix by lrHPV and hrHPV types among HIV-negative and HIV-positive women in Nigeria.
MaTerials anD MeThODs study Population
We studied 1,020 women who were enrolled in a study of HPV infection and cervical cancer at National Hospital, Abuja and University of Abuja Teaching Hospital, Nigeria, between 2012 and 2014. All study participants were 18 years or older, had history of prior vaginal sex, were not pregnant, and had an intact uterus at enrollment. Interviewers used questionnaires to collect data on sociodemographic characteristics, sexual and reproductive history, and HIV status, which were confirmed from medical records. During the baseline visit and the followup visit, which was scheduled to occur 6 months after enrollment, research nurses used a cervical brush to collect samples of exfoliated cervical cells from the cervical os, from all the study participants.
hPV Detection by sPF 10 /liPa 25 We extracted DNA from cervical exfoliated cells as previously described (15) . Samples were tested for the presence of HPV DNA by hybridization of SPF10 amplimers to a mixture of general HPV probes recognizing a broad range of high-risk, low-risk, and possible hrHPV genotypes in a microtiter plate format, as described previously (16) . All samples determined to be HPV DNA positive by SPF10 DNA enzyme immunoassay were genotyped using the LiPA25 version 1. The LiPA25 assay provides type-specific information for 25 different HPV genotypes simultaneously and identifies infection by one or more of 13 hrHPV genotypes: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 , and 68 (17, 18) . However, the test does not differentiate between HPV 68 and 73, so we defined this HPV genotype, HPV68/73, as low-risk. The test can identify lrHPV types 6, 11, 34, 40, 42, 43, 44, 53, 54, 66, 70 , and 74. The test also identifies unspecified HPV genotypes, HPV U, which we defined as low risk. We defined HPV infection as prevalent if at least one HPV genotype was detected by the SPF10/LiPA25 test in a sample provided at the baseline visit; and persistent if at least one HPV genotype was detected by the SPF10/LiPA25 test in each of the samples provided at consecutive baseline and followup visits. 
statistical analysis
In order to compute socioeconomic status (SES) in a low resource environment where income data is sparse, we generated wealth index data as previously described (19) . In summary, we used principal components analysis with varimax rotation to compute factor scores based on the sum of the ownership of household items weighted by their factor loading. We sorted the data on the first principal component, which had the highest eigenvalue and divided all respondents into three categories based on its value. Participants in the lowest 40% were categorized as low SES, the middle 40% were categorized as middle SES, and the top 20% were categorized as high SES. The validity and reproducibility of wealth index has been examined in previous studies and it correlates well with other measures of wealth in environments without reliable expenditure data (19) . We used t-tests to assess differences in the distribution of continuous variables between groups and χ 2 and Fisher's exact tests for categorical variables. We used exact logistic regression models to evaluate factors associated with HPV infection and between HIV and HPV infections in the study population (20, 21) . We conducted age-adjusted analyses of demographic and behavioral characteristics of the participants and their associations with HPV infections. We selected those variables that were associated at p < 0.20 for inclusion in multivariate models. All the p-values reported were two-sided. All analyses were performed using SAS 9.3 for UNIX statistical software (SAS Institute, Cary, NC, USA).
ethics
The study was conducted according to the Nigerian National Code for Health Research Ethics. Ethical approval to conduct this study was obtained from the Institute of Human Virology Nigeria research ethics committee. Written informed consent was obtained from all participants before enrollment in the study, in accordance with the Declaration of Helsinki.
resUlTs
Of the 1,020 participants enrolled at baseline, we excluded 58 participants due to missing results (41 missing HIV results, 13 missing baseline HPV results, and 4 missing both HIV and baseline HPV results) leaving 962 women in the study. Some 72% (692/962) of these women completed follow-up visits. Of these, we excluded 62 participants whose HPV results were missing at follow-up leaving 630 women who had complete data for analysis for persistent HPV infections. The median time interval between the baseline and follow-up visits was 9 months. The participants' flow through the study is depicted in Figure 1 .
hiV-negative Women
Most of the women (56%, 535/962) were HIV-negative at baseline. The mean (SD) age of the HIV-negative women was 38 (8) years while their mean (SD) body mass index (BMI) (kilogram per square meter) was 29.0 (8.5). The characteristics of the study participants at baseline are shown in Table 1 . Presence of any type of HPV infection of the cervix was detected in 22% (114/535) of these HIV-negative women at baseline, while 10% (31/309) had persistence of any type of HPV infections of the uterine cervix. The infection involved a single HPV type at baseline in 17% (91/535) of these women and there was persistence of any type of HPV infection in 10% (30/309). Multiple infections by any type of HPV were present in 4.3% (23/535) at baseline but only 0.3% (1/309) had persistent multiple HPV infections ( Table 2) .
Single lrHPV infections were present in 12% (63/535) and multiple lrHPV infections were present in 2% (9/535) of the women at baseline, while single hrHPV infections were present in 9% (47/535) of the women and multiple hrHPV infections were present in 2% (10/535) of the women at baseline. Single lrHPV infections were persistent in 6% (19/309), but we did not observe persistent infections with multiple lrHPV types. Single hrHPV infections were persistent in 4% (11/309) of the women and multiple hrHPV infections were persistent in 0.3% (1/309) of the women.
The commonest prevalent lrHPV types detected in these HIVnegative women were unspecified HPV types (31/535, 5.8%), HPV53 (10/535, 1.9%), and HPV68/73 (10/535, 1.9%) while the commonest persistent lrHPV types were unspecified HPV types (7/309, 2.3%) and HPV 68/73 (5/309, 1.6%). The commonest prevalent hrHPV types were HPV52 (16/535, 3.0%) and HPV18 (9/535, 1.7%). HPV16 was detected in only 0.8% (4/535) of these women at baseline (Table 3) , while the commonest persistent hrHPV types were HPV52 (5/309, 1.6%) and HPV 35 (3/309, 1.0%). We did not find any persistent infections with HPV16 or HPV18 ( Table 4) .
hiV-Positive Women
Some 44% (427/962) of the women were HIV-positive at baseline. The mean (SD) age of the HIV-positive women was 37 (7) years while their mean (SD) BMI (kilogram per square meter) was 26.9 (5.2).
TaBle 3 | Prevalence and persistence of type-specific low-risk human papillomavirus (HPV) in the total study population and by HIV status, n (%). Any type of HPV infection of the cervix was detected in 44% (186/427) of these women at baseline, while 24% (76/321) had persistence of any type of HPV infections of the uterine cervix. The infection involved a single HPV type at baseline in 23% (100/427) of these women and there was persistence in 19% (62/321). Multiple infections by any type of HPV occurred in 20% (86/427) at baseline and this persisted in 4.4% (14/321) at follow-up ( Table 2) .
Single lrHPV infections were present in 19% (82/427) and multiple lrHPV infections were present in 6% (27/427) of the women at baseline, while single hrHPV infections were present in 17% (72/427) of the women and multiple hrHPV infections were present in 12% (52/427) of the women at baseline. Single lrHPV infections were persistent in 9% (29/321) and multiple lrHPV infections were persistent in 0.6% (2/321) of the women. Single hrHPV infections were persistent in 13% (42/321) of the women and multiple hrHPV infections were persistent in 3% (9/321) of the women.
The commonest prevalent lrHPV types detected in these women were unspecified HPV types (23/427, 5.4%), HPV66 (23/427, 5.4%), and HPV44 (18/427, 4.2%) while the commonest persistent lrHPV types detected were HPV66 (8/321, 2.5%) and HPV44 (7/321, 2.2%). The commonest prevalent hrHPV types found were HPV52 (38/427, 8.9%) and HPV35 (30/427, 7.0%) while the commonest persistent hrHPV types were HPV52 (17/321, 5.5%) and HPV35 (14/321, 4.4%). HPV16 was detected in only 3% (13/427), while HPV18 was detected in 5% (22/427) of these women at baseline ( Table 3 ). HPV16 and HPV18 were persistent in 1.3% of the HIV-positive women ( Table 4) .
impact of hiV infection
HIV-positive women had higher prevalence, persistence, and presence of multiple HPV infections overall, compared to HIV-negative women (Figure 2) . The prevalence of each hrHPV type found in HIV-positive women was also higher than that in HIV-negative women (Figure 3) .
In univariate analyses, HIV status and SES were associated with prevalent HPV (Table 5) , while HIV status and douching were associated with persistent HPV (Table 6 ). In age-adjusted analyses comparing HIV-positive and HIVnegative women, the odds ratios (95% CI; p-value) were 2.16 (1.55-3.01; <0.001) for prevalent lrHPV; 1.77 (1.23-2.53; 0.001) for prevalent single lrHPV type infection; 3.75 (1.74-8.09; < 0.001) for prevalent multiple lrHPV types; 1.53 (0.84-2.78; 0.16) for low-risk group-specific persistence, and 1.41 (0.77-2.60; 0.25) for persistence of specific lrHPV infections. These associations were relatively unchanged in the multivariate models ( Table 7) . The associations with HPV 44, 54, 66, 70, and 74 at baseline were significantly stronger in HIV-positive compared to HIV-negative women (Figure 4) .
For hrHPV infections, the age-adjusted odds ratios (95% CI; p-value) comparing HIV-positive women to HIV-negative women were 3.38 (2.39-4.77; <0.001) for prevalent hrHPV; 2.07 (1.40-3.08; <0.001) for prevalent single hrHPV infection; 7.15 (3.58-14.27; <0.001) for prevalent multiple hrHPV infection; 4.57 (2.38-8.79; <0.001) for high-risk group-specific persistence; and 4.09 (2.05-8.13; <0.001) for persistence of single hrHPV infections. These associations were relatively unchanged in multivariate models ( Table 7) . The effect estimates for HPV 16, 18, 31, 33, 35 , 51, 52, and 58 infections at baseline were significantly higher in HIV-positive compared to HIV-negative women (Figure 4 ).
DiscUssiOn
Our study describes the patterns of prevalent and persistent lrHPV and hrHPV infections among HIV-negative and HIV-positive women in Nigeria, West Africa. HIV-positive women were more likely to have prevalent, persistent, multiple, group-specific, and type-specific lrHPV and hrHPV infections, compared to HIV-negative women.
Little is known about the epidemiology of HPV infections in Africa. Most studies of cervical HPV infections in SSA have been qualitative studies of prevalent hrHPV genotypes because of their well-described association with cervical cancer. However, given Persistent Low-Risk, High-Risk Cervical HPV Frontiers in Public Health | www.frontiersin.org
July 2017 | Volume 5 | Article 178 that the degree of carcinogenicity of some of the HPV types has not been well elucidated and current studies highlight the marked heterogeneity of HPV infections in this population (8, 22) , it is necessary to explore associations between type and groupspecific, prevalent and persistent HPV infections, and cervical carcinogenesis in Africa. Low-risk HPV infections are associated with genital and non-genital warts. Genital warts cause significant physical and psychological morbidities (10, 11) . They lack specific treatments, are highly recurrent after treatment, and are associated with significant health-care systems' costs. The prevalence of lrHPV infections among HIV-negative women in our study is similar to the 18% reported among US women (23) but higher than the prevalence of 4% in South Korean women (24) . The prevalence of lrHPV in HIV-positive women in our study (26%) was lower than the 55% reported among HIV-positive women in Rwanda (3) .
The commonest lrHPV types in our study were unspecified HPV genotypes, HPV 68/73, and HPV 53 in HIV-negative women while unspecified HPV genotypes, HPV 66 and 44 were the commonest types in HIV-positive women. We did not find any significant associations with group or type specific persistent lrHPV. In a study of peri-urban, black South African women, the commonest lrHPV types were HPV 62 (16%) and 84 (14%) (25) .
HPV 34 and 44 were found in only HIV-positive women in this study probably because their prevalence is low in our study population. Interestingly, we found that lrHPV genotypes 44 and 54, which are associated with external anogenital warts (9, 26) , and lrHPV genotypes 66 and 70 (9) , which are associated with anogenital precancers and cancers, had significantly higher prevalence in HIV-positive women, compared to HIV-negative women. This lends support to the reports of higher prevalence of anogenital warts and cancers, described in previous studies (27) (28) (29) .
In contrast to our previous study (8) , in this enlarged study population, the commonest prevalent hrHPV types among HIV-negative women were HPV 52, HPV 18, and HPV 35 while HPV 52 and 35 were the commonest persistent infections. Other studies found HPV 52 to be the most prevalent hrHPV in SSA ( FigUre 4 | Risk of type-specific prevalent human papillomavirus (HPV) infections among HIV-positive women, compared to HIV-negative women. All models were adjusted. OR, odds ratio; LCL, lower confidenceninterval limit; UCL, upper confidence interval limit.
12, 13). HPV 52, 16, and 18 were the most common hrHPV types observed among HIV-negative Ugandan and Kenyan women (6, 7) . Among HIV-positive women, the commonest prevalent hrHPV types were HPV 52, 35, and 18, while the commonest persistent hrHPV types were HPV 52, 35, and 31. HPV 52 was also the most prevalent hrHPV genotype observed in a study of HIV-positive Rwandan women (3).
Given the high incidence of cervical cancer in the study population (30), we expected to find more persistent infections among HIV negative and HIV positive woman. Instead, we did not find any HIV-negative woman with persistent HPV 16 development among women in SSA. Many of the cases of persistent hrHPV infections that we observed were with HPV 68/73. Given that HPV 68 is high-risk HPV while HPV 73 is not, studies using technologies that allow differentiation between these two infections should be conducted to examine the association of each HPV type with cervical cancer among women in SSA. Our findings that the prevalence and persistence of single, multiple, lrHPV and hrHPV infections was higher among HIV-positive compared to HIV-negative women are similar to other reports from SSA (31, 32) The increased prevalence and persistence of HPV infection in immunosuppressed individuals suggests that cell-mediated immune response may play an important role in the resolution and control of HPV infection (33) . Although some studies have suggested that the association between HIV infection and increased prevalence of HPV infection and disease is related to the immunosuppression seen in HIV infection, there is also some evidence that mechanisms other than immunosuppression, such as direct molecular interactions between HIV and HPV viral genes, may influence the natural history of HPV (34) (35) (36) (37) . HIV infection may also increase susceptibility to HPV infections and persistence of infection through alterations of the cytokine response to HPV infection in the cervical mucus (38) .
The Advisory Committee on Immunization Practices recommended the 9-valent HPV vaccine (Gardasil 9, Merck and Co., Inc.) as one of three HPV vaccines that can be used for routine vaccination (39) . This vaccine protects against HPV 6, 11, 16, 18, 31, 33, 45, 52, and 58, many of which have been observed to be prevalent and persistent in women with single or multiple infections in this study population. Currently, no study has been published on use of the 9-valent HPV vaccine among HIV-positive or negative African women and there are limited data on the response of Africans, regardless of HIV status, to HPV vaccination. The broader coverage provided by the 9-valent vaccine may be sufficient in African populations, regardless of HIV status, and there may be sufficient crossreactivity to ensure protection of HPV types not included in the vaccine. Additional vaccine development and production of vaccines that focus on the commonest HPV types may be helpful in the African population. Further studies on HPV vaccines, immunologic response of Africans to HPV vaccination, and the roles of non-16/18 hrHPV in cervical carcinogenesis in SSA are warranted.
Our study has several limitations including lack of inclusion of clinical correlates of HIV infection such as duration of HIV infection, use of anti-retroviral therapy, and viral load or CD4 count in the analyses though these factors may be associated with HPV persistence. However, we excluded HIV-positive women who were severely ill from our study.
In conclusion, we found a higher proportion of prevalent and persistent infections with single and multiple lrHPV and hrHPV genotypes in HIV-positive women, compared to HIV-negative women. We also found that non-16/18 hrHPV genotypes were more common in women with persistent infections regardless of HIV status. Our results support the recommendation of the 9-valent HPV vaccine for routine vaccination, especially in SSA populations where non-16/18 hrHPV types are prevalent and likely to cause persistent infections.
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